Numerical Differentiation
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Example:2

Use Newton's forward/backward differentiation method to find
solution for x=0

X f(x)
0.0 1.0000
0.1 0.9975
0.2 0.9900
0.3 0.9776
0.4 0.8604




Solution:

Newton's forward differentiation table is as follows.

X
0

0.3

0.4

Y(X)
1

09776

G604

AY

-0.0025

-0.007%

-0.07124

-0.1172

AT ASF
-0.005
0.0001
-0.0049
-0.09499
0. 1048

MNewton's forward differentiation table is as follows.

Aty

-0.1



Solution for y’(0)=0.25033

Solution for y”’(0)=-9.67667



Example 3: Find Solution of an Equation 2x3 — 4x + 1
(x1 =2 and x2 =4, Step value (h) =0.25)

For x = 2.25, use Newton's Forward Difference formula.

Solution:
Equation is f(x)= 2x3 — 4x + 1.

Numerical differentiation method to find solution.
The value of table for x and y

X|2| 229 2.0 260 | 3| 3.29 2.0 30D 4
¥ I[9(14.7/812| 2225 | 31.5936 | 43| ob6.6ob2 | F2.75|91.4688 | 113




Newton's forward differentiation table is

x y Ay ﬁi}. A 3}. Ad i
2
57812
2.25114.7812 1.6675
7.4638 01875
25 | 2225 1.875 0
9.5436 0.1875
275 31.5838 2.0625 0
11.4062 01875
3 43 2.25 0
12.6562 0.1875
3.25| 96.65b2 2.4375 0
16.0938 0.1875
20 | 7272 2625 0
16.7168 01675
3.75 891 46886 2.8125
212312
4 113




The value of x at you want to find f(x):x0=2.25
h=x1-x0=2.25-2=0.25

[dy/dx] =1/h-(Ay0 -1/2-02y0 +1/3-A3y0 -1/4-A4y0)
~.[dy/dx]=1/0.25-(7.4688 -1/2x1.875 +1/3x0.1875 -1/4x0)
~[dy/dx] =26.375

[d2y/dx2] =1/h2-(A2y0 -A3y0 +11/12-A4y0)
~[d2y/dx2] =1/0.0625+(1.875 -0.1875 +11/12x0)
~[d2y/dx2] =27

= y'(2.25)=26.375 and y'’(2.25)=27



Newton's Backward Difference

formula




Newton's Backward Difference formula
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Example: Use Newton's backward differentiation method to find
solution for x= 2.2

X f(x)

1.4 4.0552
1.6 4.9530
1.8 6.0496
2.0 7.3891
2.2 9.0250

Solution: Numerical differentiation method to find solution.

The value of table for xand y

X

1.4

1.6

1.8

2.2

y

4.0552

4.953

6.0496

7.3891

9.025




Newton's backward differentiation table is

X y Vy Ve 7y Viy
1.4 4.0052
08975
T | =855 019606
1.05966 0.0441
1.6 6.0496 024249 0.0024
1.3395 0.0535
2 | f.3891 0.2964
1.6559
2.2 8.025




The value of x at you want to find f(x):xn=2.2

h=x1-x0=1.6-1.4=0.2

[dy/dx]x=xn=1/h-(Vyn +1/2-V2yn +1/3-V3yn +1/4-V4yn)
~.[dy/dx]x=2.2=1/0.2%(1.6359 +1/2x0.2964 +1/3x0.0535 +1/4x0.0094)
~[dy/dx]x=2.2=9.02142

[d2y/dx2]x=xn=1/h2-(V2yn +V3yn +11/12-V4yn)
~[d2y/dx2]x=2.2=1/0.04-(0.2964 +0.0535 +11/12x0.0094)
~[d2y/dx2]x=2.2=8.96292

~y'(2.2)=9.02142 and y"(2.2)=8.96292



Example 2: Find Solution of an Equation 2x3 — 4x + 1

(x1=2and x2 =4)

For x = 3.5, Step value (h) =0.25 .

Solution:

Equation is f(x)= 2x3

—4x + 1.

Numerical differentiation method to find solution.
The value of table for x and y

X|2| 229 2.0

200 | 3

3.29

2.0

30D

¥ I|9(14.7812| 2225

31.59936 |43

26.6562

1215

91.46385

113

Answer: y'(3.5)=69.5 and y''(3.5)=42




